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NOTES ON GEARED TABS AT SUPERSONIC SPEEDS

By Warren A. Tucker
SUMMARY

By use of the linearized theory, an anslysis was made of the two—
dimensional, gesred, tralling-edge flap—teb combination at supersonic
speeds to determine 1f, as at subsonic speeds, this comblnstion could
be used to reduce the hinge moments to extremely smell values while
retaining a large part of the 1ift effectlvensss of a plaln flap having
the same ratlo of flap chord to wing chord.

The analysis Indiceted that the behavior of the two—dimensionsl
geared teb arrangewent at supersonic speeds 1s by no mesans as excellent
as 1t is at subsonic speeds. If the combination 1s designed to give
zero hinge moment dus to control deflectlon, then the 1ift effectiveness
will also be zero. In order to produce a glven 1ift, the geared flap
srrangement would requlre less pllot effeort than would a plaein fisap
having the seme flap—chord ratio, but the performance of the gesared
errangement could be equalled by a smaller—chord plain flap. It wes
shown thet the only advantage the geared flap arrengemsnt possessed
over the small—chord plain flap was the possibility of controlling the
hinge moment due to angle of attack.

A short analysis of the two—dimensional, geared, lesding-edge and
tralling-edge flap comblnation is also included.

INTRODUCTION

One of the more interesting of the control—surface configurations
that have been Investigated at subsonic speeds 1s the geared, trailing—
edge flap—teb combination. In reference 1 1t was shown theoretically
that by a proper cholce of gsaring ratlioc thls combinstion could give
nearly compleks hinge-moment balence with & relatlively high 1ift
effectiveness. This theoretical amalysis was substantiated by an
experimental investigation at & low speed (reference 2). There is
other evidence, including flight-—test data, to show that geared tabs
are effectlive through a wide range of subsonlc speeds.

Because of the spparent excellence of the geared flep control
at subsonic speeds, it was thought worth while to investigate its



2 NACA RM No. L7LOL

characterigtice at supersonic speeds. To this snd, the-enalysis of the

present paper was made. For simplicity, the anelysis was made for a two— .
dimensional thin—flat-plate wing—flap combination by use of the linearized

theory. '

The general equatlons for the gesred tralling—edge flap combination .
alsv hold for the geared lseding—edge and treiling-edge flep comblnetion. _
This arrengsment 1s currently being considersd es a possible control for -
supersonic speeds; therefore, & brilef analysis of thls case was also )
included.

SYMBOLS
c airfoil chord
cp flep chord (see figs. 1 and 3)
ot teb chord (ses figs. 1 and 3)
% hinge-moment coeffliclient of geared flap—tab combination ( h.E) .
. . qc,
hf : .
hi 1 £ £l —
chf nge—moment coefficisent o ap qcfa
cy hinge-moment coefficient of teb B
t - 2
acy
h hinge moment of geared flap—tab combination about flep hinge

line (see filgs. 1 and 3

hf hinge momsent ebout flap hings line when tab is not geared but

can be moved independently of flap (see fige. 1 and 3)
hy : hinge moment of teb asbout teb hinge line (see figs. 1 and 3)
M Mach number .
q dynemic pressure -
o angle of atiack, radlans "
5 - Mﬁﬁa:fi . . S
Bp flap deflection, radians (see figs. 1 and 3)

By tab deflection, radians (see figs. 1 end 3)
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ANATYSTS AND DISCUSSION

Geared tralling-edge flaps.— The control-surface configuration,
consisting of two serially hinged flaps located at the wing trailing
edge and geared to move at & certain rate BSt/BS with respect to
each other, is shown in figure 1. TFor convenience, the lerger of the
two surfaces will be called the flap; the smmller, the tab. This 1s the
errangement investigated theoretically in reference 1 and experimentally
in reference 2 (for low subsonic speeds). For either the subsonic case
or the supersonic cese, the followlng equations apply:

d'_ch _ ac]—g # ch‘b a&t . ach‘b N a('bhi 881-, (l)
d8r  og °f g5t Osp 9B, 3%, OBy

dop, D 2 35, do
= @) m ©

o 3,3 B

" 3g | 3y g (3)

The various parameters required in these equations for the supersonic case
are easlly found from the lineasrized theory for supersonlc flow after the
manner of reference 3, and are llsted on the followlng page:
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substituted in equations (1), (2), and (3), then

g gy #F of ¢
|
w [

If these expressions ar
ons obtains

@

Tﬁ?“ﬁ(“ESEE , )
dop __21|; ., oy \° 3¢ | (6)
doo = B e/ B¢

d.cx,. C Ctaat
a—;:-éi(l+-c;5-5—i: ‘ (7
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The present control—surfece arrangement cen be compared with a plain
flap heving the same fisp-chord ratio by noting that for the plain flep

don 2 '
d.Oh
(ag‘) = - % (9)
P

aa o :
(ES‘;) =+ (20)

so that
dcy, /3D 3% y
C
- (R )
dey /do _ cy) 2 38,
(don/da) e - E’+ °f) 8¢ (12)
dofdBe oy, 9%
(dm/dsfgpf - (l *op 55?) (23)

Equation (11) can be expressed in torms of either equation (12) or
equation (13). Thus,

doy /aBy | _dw/avg ¢ (14)
(eon/de) @/asf)ﬁ
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dey /dbs 1 l—d,ch/da, <°‘t N 2 (15)
(den/ads) (ct/er)2 |(dcn/da) Cr
- pf rf .
Equations (14) and (15) are plotted in figure 2. The upper branches
d . . -
of the curves for —EEQZJE-—— are for the case in which the 1ift comes
(dch/dd.)Pf

from the flap, and the tab 1s used for balancé of hinge moments (ordinary
balancing tabs; the lower branches are for a linkage such that the flap
is used for hinge—moment balance, and the tab produces the 1lift (lifting
tab). Because the da/dﬁf curve is symmetrical for the two cases, only

one branch is plotted. . .

It is evident from the curves of figure 2 that for s geared arrange—
ment degigned to produce a glven reduction in;hﬂch/dsf (compared with a

plain flap of the same size) there will be a fixed reduction in da/dSs,
but by selecting values of cy/cp and aﬁt/asf: the value of dey/da

can be adjusted over a wide range. . - | o s

de
It is noted that, 1f a geared arrangement, is deslgned to give EEQ = 0,
£
then of necessity %%— = 0 — obviously a not very practical control. This
T

is the essentlal difference between the geasred arrangement at low subsonic
and supersonic speeds. (As noted in the "Introduction,” for the subsonic
case both dch/dﬁf and dch/dm could be madé Very close to zero with not

too great a loss in da/d8r.) This behavicr of the geered—tab arrangement
at supersonic spseds is perhaps more easily seen if it is postulated that
the 1ift produced by deflection of the combination is zero. Then, within
the 1imits of the linearized theory the trailing edge does not move verti-—
cally with respect to the chord line of the airfoll, and simple work -
considerations show that the work (and thereforé the hinge moment) required

to deflect the system is zero.

It can be shown that, in two-dimensional supersonic .flow, for both
the geared arrangement and for the plain flap the actual hinge moment
(not hinge-moment coefficient) required to produce & given 1ift at a
fixed angle of attack ls directly proportionsl to da/dﬁf. Consider, for
example, three cases: a 0,50c plain flap, a 0.50c geared arrangement
designed to have g dch/dSf one—quarter that of the 0.50¢ plain flap,

and a 0.25c plain flsp. Both the 0.50c geared arrangement and the

0.25¢c plain flap will have one-half the da/dﬁf of the 0.50c¢ plain
flap; therefore, to produce a glven 1lift either arrangement will require
only one—half the pilot effort that would be needed with the 0.50c plain
flap. Thus, the only advantage a geared arrangement has over a small

- plain flap is the possibility of controlling d¢y/da.

There is no assurance that the behavior of the geared tab 1n a
given three—dimensional case will be similar to that indicated by the
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preceding analysis of the two—dimensional case. For exampls, some
preliminary calculations for & geared triangular—flsp — triangular-tsb
combination on a triangular wing (using reference 3 to obtain the various
parameters) indicaeted that the performance of this particular three-—
dimensional arrangement was even worse than indicated by the two—
dimensional analysis. Of course, there is no reason thet some other
three—dimensionel arrangement should not show better characteristics.

The effect of a finite alrfoil thickness on the numsrical values
presented In filgure 2 was briefly investigated by using the theoretical
pressure—distribution datas of reference k. A double-wedge airfoil of
5.24-percent thickness (A° included angle) was used with a 0.50c flap
and a 0.50cy tab. The calculations were made for a Mach number of 2.0.
The results Indicated thet for the conventlonal balancing teb arrange—
ment the effect of airfoll thickness on the 1ift and hinge-moment
characteristics was negligible. For the lifting teb arrangement,
however, a loss of about 15 percent in 1ift effectiveness was obtained
with 1ittle effect on the hinge-moment characteristics.

Geared leading-edge and trailing—edge flaps.— Equations (1), (2),
and (3) can be shown to apply also to the geared leading—edge and
‘trailing-edge flap arrangement shown in figure 3. The parameters for

this case are listed below:
-

achf:_g
Pz "B
Cn; 2
By, B
acht
Y
a
§i=o

t >

(16)

Sn, 5

S B
X
e

da B

da cp
ETRd

a:.Ct

T »,
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Followlng the same procedure as for the preceding anslysils, there
results

_don/8Be ., _ (% : (aat)E (17)
(doy/abg) °2/ \3r,
pf
donfaa (i'g)e By (18)
(dop/aa) e o2/ 30z
da /45 C+ 3B
_____/__.11__ =1+ c_t .ég'.t (19)
(dm/d.Sf)pf £ of |
and
' 2 . ,
de,, /a3
__?_h_l__f__. =1 — __dﬁ/_égﬁ__ -1 (20)
de, /dd do/dd
dc,, /dd dey, /da
___C_h_/___f_ =1 — .__...].-_.._.2_ - ___h_/__._ (21)
(dey /d.Sf)P " (et /cp) (dep/ d.a.)P £
Equations (20) and (21) are plotted in figure 4. It is important to
note thet the lower branches of the curves for —M correspond
_to the upper branch of the curve for —0E and conversely.

de/dd
L
c

The curves of figure I show that for % =1 both dey/dds and
dep/da can be mede zero, and the 1ift effectivenses will bs equal to
that of a plain tralling-edge flap heving an asrea equal to the combined
areas of the flap and tab. Agein, it is pointed out that there will be
importent three—dimensional effects for meny cases. '
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CONCLUDING REMARKS .

For flow at subsonic speeds, 1t has previously been shown that a
geered tralling—edge flep arrengement can be designed to glve both d.ch/d.&f
end dop/da very neer to zero, with a relatively small loss in da/dSe
compared with a plaln flap of the same chord. The present analysis of the
two—dimensional geared flap errangement in supersonic flow (based on the
linearized theory) indicates that, if d.ch/d.Bf is made zero, then d.or,/dﬁf
will also be zero. The only advantage of the gesred arrangement over a
smelli—chord plein flep is that for the geared flap the parameter. d.ch/d.a,
can be controlled within wide limits. OFf course, three~dimensional effects
mey elther improve or worsen the behavlior indicated by the analysis of
the two—-dimensionsl case.

The corresponding analysis for the two—dlmenslonal, geared, leading—
edge and tralling—edge flep arrangement 1n supersonic flow indicates that,
if the leadlng-edge end tralling-edge flaps have the same chord, both d.ch/d.sf
and dch/dor, cen be made zero, with the 11ft effectiveness equal to that of
a plain trailing—edge flap having & chord equal -to the sum of the chords of
the leasding—edge and tralling-—edge flaps. TFor this arrangement, too,
three—dimensionel effects must be consldered.

Langley Memoriel Asronsutical Igboratory
National Advisory Commlttee Tor Asronautics

Langley Fileld, Va.
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(a) Dimension notation.

A

(b) Deflection notation.

Figure 1.~ Two-dimensional, geared, trailing-edge flap-tab
combination.
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(a)} Dimension notation.

~~NACA

(b) Deflection notation.

Figure 3.~ Two-dimensional geared, leading— and trailing-edge
flap combination.
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